CHAPTER 3

RESULT

3.1 Subcloning of DNA fragment from pCSBC14

Tanunat (1995) had constructed pCSBC14 which was a pUCiS recombinant
plasmid, comprising of a 4.0 kb chromosomal DNA fragment of B. subtilis TISTR23,
This protease aciivity and restriction mapping of the DNA insert were reported. Study
will be further conducted to confirm whether it consisted of protease gene or not by
DNA sequencing.

Approximately 1 pg of extracted pCSBC14 DNA was digested with both
HindIIl and EcoRl, resulting in two HindIlI/EcoRI fragments (0.7 and 0.9 kb) and one
Hindlll/HindI1l fragment (1.6 kb) of the 4.0 kb insert fragment (Figure 3.1). Two
smaller fragments, 0.2 kb Hind{II/Hindlll and 0.1 kb HindIIl/EcoRI fragments, were
not seen in Figure 3.1. These 3 fragments were separated from each other by 0.7%
agarose gel electrophoresis and eluted with QIAEX Il Agarose Gel Extraction Kit.
The yield of DNA was estimated to be 80% recovery. Then, each of the 0.7 and 0.9
kb fragment was ligated into HindIIl and EcoRI sites of M13mpl8. The 1.6 kb
fragment was ligated into HindIIl sites of M13mp18 (Figure 3.1).

The 3 recombinant clones, comprising of 0.7, 0.9 and 1.6 kb insert fragments
“were named as mCSBC141, mCSBC142 and mCSBC143, respectively. Each of the 3
clones was constructed by subcloning of the fragment into M13mp18. The ligation
mixtures were transformed into E. coli JIM109 by electroporation and grown on LB
plate with X-gal and IPTG. The ratio of white plaques to blue plaques of the cloning
of mCSBCl141, mCSBC142 and mCSBCI143 were 102:54, 108:61 and 15:20,
respectively. The efficiencies of transformation were 1.66 x 10°, 1.69 x 10° and 3.5 x
10* plaques/pg DNA, respectively. -



Figure 3.1
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Ligation products of 3 DNA ﬁ-agmmu 0.7, 0.9 and 1.6 kb, from
HindIlI and EcoRI digestion of pCSBC14 into M13mp18
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The RF forms of the 3 recombinant M13 clones were extracted by alkaline
extraction, described in section 2.8.5.1 and then digested with restriction
endonucleases in order to determine the corrected insert fragments.” The mCSBC141
and mCSBC142 were digested with both Hind!ll and EcoRl, and the mCSBC143 was
digested with only HindlIl. The insert fragment size of mCSBC141, mCSBC142 and
mCSBC143 were determined as 0.7, 0.9 and 1.6 kb, respectively (Figure 3.2).
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3.2 DNA sequencing

3.2.1 Sequencing of pCSBC14 o .

The pCSBC14 was extracted by alkaline extraction as described in
section 2.6. The DNA was sequenced on both sides of the 4.0 kb insert fragment with
17-mer forward primer (5’-TGACCGGCAGCAAAATG-3') and 24-mer reverse primer
(5'-AGCGGATAACAATTTCACACAGGA-3’) by automated DNA sequencer (Institute of
Science and Technology for Research and Development, Mahidol University, Salaya
Campus). The results were showed in Figure 3.3 and 3.4. The nucleotide sequences
of 600 bp at the 5‘end and 610 at 3’end were determined.

3.2.2 Sequencing of mCSBC141, mCSBC142 and mCSBC143

The 0.7, 0.9 and 1.6 kb insert fragments of mCSBC141, mCSBC142
and mCSBC143, respectively, were sequenced by manual method described in section
2.9.22. The mCSBCI41 and mCSBC142 were extracted as RF form and single-
stranded DNA. The RF form and single-stranded DNA were sequenced with 24-mer
reverse primer (5'-AGCGGATAACAATTTCACACAGGA-3’) and 17-mer forward primer
(5'-CAGCACTGACCCTTTTG-3), respectively. The mCSBC143 was extracted as
single-stranded DNA and sequenced in one direction with forward primer.

The 0.7 kb insert fragment of mCSBC141 was sequenced in both
directions which revealed about 445 bp at the 5’end (Figure 3.5a, b) and 426 bp at the
3’end (Figure 3.6a, b).

" The 0.9 kb DNA insert of mCSBC142 was also sequenced in both
directions. The nucleotide sequence of about 433 bp at the 5’end (Figure 3.7a, b) and
551 bp at the 3’end (Figure 3.8a, b) were determined.

Unlike mCSBC141 and mCSBC142, mCSBC143 was sequenced only
with forward primer. The result showed about 302 bp at the 5'end of the 1.6 kb insert
fragment (Figure 3.9a, b). _

The remaining about 700 bases in the middle of the insert in
mCSBC143 was not sequenced.



Figure3.4  Automated DNA sequencing of pCSBC14 with reverse primer




ACGT 32

(a)

1 AAGCTTCCTG AACGCTCACC CGCATCARAG CGCACTCGGC CGCTTTACAC TTGTTCACAR

61 TGGTGTGATC GAGRACTATG TTCAGCTGAA GCGCGAATAT CTTGARAACG TTGAACTGAA
121 ARGCGACACG GACACTGAARG TAGTCGTTCA AATGATCGAG CAATTTGTGG CGGGAGGACT
181 CAGCACAGAR GARGCGTTCC GCAAAACACT GACTCTGTTA AARGGCTCTT ACGCRATTGC
241 ATTATTTGAC GGTGAARAACA CAGACACCAT TTACGTTGCA ARARRACAARA GCCCTCTGTT
301 AATCGGCCTT GGAGATACGT TTAACGTCGT GGCATCTGAC GCGATGGCTA TGCTTCAAGT
361 ARCGAATGAA TACGTTGAGC TTTTGGACAA AGARATGGIG ATCGTGACAA AAGATGAAGC
421 CGTGATTARA AACCTTGACG GTGAA

(®)

Figure 3.5  Sequencing of mCSBC141 with forward primer (5’ side of the 0.7 kb
insert) -
(a)  Autoradiograph of 6% polyacrylamide gel, lane A = ddATP,
lane C = ddCTP, lane G = ddGTP and lane T = ddTTP
(b)  Nucleotide sequence of 445 bases
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1 GAATTCACTC GCTACATGCA CTTCAACCGG TACGTTTGCC CACATTTCAA TATATTGTTT

61 CCCGACAAGA CCGGCGTGGT AGCTCGTTCC GCAAGCCACG ATATARATGC GGTCCGCTTC
121 CGCCACGGCG TCAGCGACAT CGCCGGCCAC GGCCAGTCTG CCGTTTTCGT CCTGATACGT
181 TTGGATGATT TTGCGCATAA CAAGCGGCTG CTCATCCGTT TCTTTTAACA TGTAGTGAGG
241 GTATGTGCCT TTTTCGATAT CACTGGCGTC AAGCTCAGCG ATATAAGACG CACGTGTCAT
301 GACTTCACCG TCAAGGTTTT TAATCACGGC TTCATCTTTT GTCACGATCA CCATTTCTTT
361 GTCCAAAAGC TCAACGTATT CATTCGTTAC TTGARGCATA GCCATCGCGT CAGATGCCAC
421 GACGTT

(b)

Figure3.6  Sequencing of mCSBC141 with reverse primer (3' side of the 0.7 kb
insert) :
() Autoradiograph of 6% polyzcrylamide gel, lane A = ddATP,
lane C = ddCTP, lane G = ddGTP and lane T = ddTTP
(b)  Nucleotide sequence of 426 bases
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ACGT

(a)

1 AAGCTTCGCA ACTTTTTTAT ARACNTCGCG ACTTTATTTT AAACATCGCA TCTTTTTTAT

61 AARCATCGCG ACTTTATTTT AARATTCACAC TAATAACCAA AGGGGTTAAR TATATTATTC
121 CACCGTAACR CTCTTCGCAR GGTTGCGCGG TTTATCA..CG TCACAGCCGC GGTGCAGTGC
181 AGCGTAGTAA GCGATCAGCT GCRATGGCAC AARCAGAMACC AGCGGRCGRA GCGCAGGGTT
241 GACTTCCGGC AGGATGAATC TGTCGTCTGC GTCTTCTAAG CCTTTCAGCG AGATGATGCA
301 AGTGTTGGCG CCGCGGGCTG CGACTTCCTT CACATTACCG CGGATGCTCA GGTTGACGTG
361 TTCTTGTGTC GCAAGCGCAA AGACCGGTGT TCCTTCTTCA ATCAGAGCGA TTGTTCCATG
421 CTTCAGCTCG CCG

Figure3.7  Sequencing of mCSBC142 with forward primer (5’ side of the 0.9 kb
insert)
(@  Autoradiograph of 6% polyacrylamide gel, lane A = ddATP,
lane C = ddCTP, lane G = ddGTP and lane T = ddTTP
(b)  Nucleotide sequence of 433 bases



Figure 3.8
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Sequencing of mCSBC142 with reverse primer (3° side of the 0.9 kb

insert)

a) Autoradiograph of 6% polyacrylamide gel, lane A = ddATP,
lane C = ddCTP, lane G = ddGTP and lane T = ddTTP

b)  Automated DNA sequencing of mCSBC142
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(@

1 ARGCTTACCC CTTTGGATAT GATTATCTAA AGGGGTGTTT TTGTGTCGAA RAGAAAAAGR
61 ACATCTARAA TTGATAAGTG GATTARAGAG GGTCGAGGAA CTGGCAGTGG GGCATGATTA
121 TCAAGATCTT TCCTCATTAG GTCGGTCAAC AAGATTAARA GGTATANAAA CCGGCAGACA

181 ACATGAGTTT TTATCGGATT TGGAACGAAA CTACTTTTAT TTAACTGAAT TTTCTGATGT
241 TATTTTAGAT ATTCGTGAAC AATTTCCTTT ATTACCACAA GAAGAGACGT TTGCCATTGC

301 TG
®

Figure3.9  Sequencing of mCSBC143 with forward primer (5' side of the 1.6 kb
insert) .
(a)  Autoradiograph of 6% polyacrylamide gel, lane A = ddATP,
lane C = ddCTP, lane G = ddGTP and lane T = ddTTP
(b)  Nucleotide sequence of 302 bases
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3.3  DNA sequence analysis

The nucleotide sequences were denoted 5’ and 3’ when forward primcr and
reverse primer, reSpecuvely, were used to determine the sequcnces Therefore, the
direction of the 5’ and 3’ sequences of mCSBCI41, for example, were opposite to
those of pCSBC14 and mCSBC142 (Figure 3.10).

The nucleotide sequences of pCSBC14 from both directions of the insert were
comipared with the GenBenk deposited DNA sequences using BLAST (Basic Local
Alignment Search Tool) at the website http://www.ncbi.nlm.nib.gov (Altschul et al.,
1990; Altschul et al., 1997). The results of comparing the ' sequence showed that it
was not significantly similar to any genes (Appendix 3). Most of the 3’ sequence was
homologous to part of B. subtilis 168 L-glutamine D-fructose-6-phosphate
amidotransferase (gcad) gene (data not shown).

The nucleotide sequences of insert fragments of mCSBC141, mCSBC142 and
mCSBC143 were also compared with the GenBank deposited DNA sequences. The
results of comparison showed that each of the clone was similar to B. subtilis 168
gcad gene in various positions. The B. subtilis TISTR2S gene started at the 3’end of
" pCSBC14. Therefore, the 3° sequence of mCSBC141 and 5° sequence of mCSBC142
were inverted to complementary strand. A total of 2,308 bp of 4.0 kb insert fragment
of pCSBC14 were determined.

Analysis of the nucleotide sequence revealed an open reading frame of 1,803
bp, capable of encoding a protein of 600 amino acids (Figure 3.11). The sequences of
B. subtilis TISTR2S gene, upstream sequence (95 bp) and downstream sequence (410
bp) were subjected to BLAST comparison. The results showed 85%, 92% and 86%
identity to B. subtilis 168 gcad gene, respectively (Figure 3.12). It was certain that
the B. subtilis TISTR25 gene was L-glutamine D-fructose-6-phosphate
amidotransferase (gcad) gene. The BLAST result of 1,803 bp of B. subtilis TISTR25
gcaA gene was shown in Appendix 4. The sequences of B, subtilis TISTR25 and B.
subtilis 168 gcad gene were aligned by ClustalX (1.64b) as shown in Figure 3.13.
From the sequence in Figure 3.11, two possible ribosomal binding sequence (Shine-
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Dalgarno sequence) were AGGAGG and AGGAAG. The putative promoter regions
(-10 and -35) were TTGACT and TTGAAA, respectively. The putative transcription
start site was G (+1). The pownual p-mdcpendent transcription terminator containing
an inverted repeat, ACCCCTTT and AAAGGGGT, followed by a tract of T was
shown. The restriction map was created by using DNA strider 1.2 program and
shown in Appendix 5.

The amino acid composition was determined from the deduced amino acid
sequences and compared with B. subtilis 168 gcad protein as presented in Table 3.1.
The molecular weight of B. subtilis TISTR25 gcad protein was calculated to be
65,431 daltons. Furthermore, the predicted amino acid sequence of gcad gene of B.
subtilis TISTR25 was aligned with the gcad protein of B. subtilis 168, Rhizobium
meliloti (Baev et al., 1991), E. coli (Walker et al., 1984), Candida albicans (Smith et
al., 1996), Saccharomyces cerevisiae (Watzele and Tanner, 1989), human (McKnight
et al., 1992) and mouse (Sayeski et al., 1994; Sayeski ef al., 1997) using the ClustalX
(1 64b) (Figure 3.14).

The genetic distances among nucleoiide sequences of 8 organisms were
calculated using Kimura 2-parameter in Phylip 3.5c. The range of genetic distances
was between 0.0972-1.3233 (Table 3.2). These values were used to construct
phylogenetic tree (Figure 3.15). The 8 organisms can be divided into two main
groups, prokaryote (B. subtilis TISTR25, B. subtilis 168, E. coll and R. meliloti) and
eukaryote (S. cerevisiae, C. albicans, human and mouse). The estimated sequence
divergence between the two groups was 0.33088. The estimated sequence divergence
between the gcad gene of B. subtilis TISTR25 and B. subtilis 168 was 0.1705 which
was a lot less than that between the group of B. subtilis and E. coli (0.8801).
Furthermore, eukaryote can be divided into two group, higher eukaryote (human and
mouse) and lower eukaryote (S. cerevisiae and C. albicans). The estimated sequence
divergence between the two groups was 0.4344. The estimated sequence divergence
between the gcad gene of human and mouse was 0.0972 which was less than that
between C. albicans and S, cerevisiae (0.3666). '
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The genctic distance among amino acid sequences of 8 organisms was
calculated using Dayhoff PAM matrix in Phylip 3.5c. The range of genetic distances
was between 0.01002-1.38757 (Table 3.3). These values were used to consiruct
phylogenetic tree (Figure 3.16). Two groups, prokaryote and eukaryote, were also
clearly seperated. The estimated sequence divergence between the two groups was
04355. The cstimated sequence divergence between the gcad protein of B. subtilis
TISTR2S5 and B. subtilis 168 was 0.0694. Furthermore, the estimated sequence
divergence between the higher eukaryote and lower cukaryote was 0.4618. The
estimated sequence divergence between the gcad protein of human and mouse was
. 0.01002 which was less than that between C. albicans and S. cerevisiae (0.33108).

The predicted three-dimensional structure of the N-terminal domain of B.
subtilis TISTR25 gcad protein was created by using Swiss-Model at the website
http:/.’www.explasy.ch/Swissmod/SWISS-MODEL.html, Swiss-PdbViewer and
Rasmol program. The 3D structure was compared with E. coli gcaA protein in chain
A (Fiéurc 3.17). Both structures were similar. They consisted of two layers of
antiparallel B pleated sheets in the middle and sandwiched by o helices.
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Figure 3.10 Sequencing orientation of individual clones
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‘M G I VY GY I G GQLDAEKTETILLZEKTSEULETZ KTLETYRG

AARATATGTGTGGAATTGIAGG T TACATCGGTCAGC T TGATGCGRARGAGR T TTGT TARRAGGA T T AGAGAAGCT TGAGTACCGCGGTT
. HindIlI

Y DB A GI A VY ANEOQGYHY Y KEKSOGHRTIAMMDILRBREYVYY

AARACTCTGOCGGTATCGC TG TGGCRAATGAGCAGGGUGTGCATGTGTACAAAGARAARGGCCGCATCGOCGACCT TCGTGARGTGGT GG

D HT VYV E S QAGIGHTR RTWATMHRCGE?®PSFLNAIHRPIUEHEZQ
ATCACACGGTTGAATCTCARGCGEGAATCGGCCATACACGC TGGGCGAC TCACGETGARCCARGCT TCCTGRACGCT CACCCGCATCARAR
. HindTil

8 AL GRPFTULV HNSGV YV I ENYV Y QLI KZ RETYILENYVYEL
GCGCACTCGGCCGCTTTACACTTGTTCACAATGGT GTGAT CGAGAACTATGTTCAGC TGAAGCOGCGRATATCT TGAARACGT TGARCTGA

K 8 DTDTEVYV Y 0 HI EQFVY AGGLASBSTUETEA RTFHRIKT
ARAGCGACACGGACACTGARGTAGT CGTTCARATGATCGAGCAAT T TGTGGCCGRAGGACTCAGCACAGAAGAAGCGTTCCGCAARACAC

L. T L LK OGS Y ATIALTFDGENMNTODTTIZYJVAIZKINIKTETPL
TGACTCTSTTAMAGGC TCT TACGCAAT TGCATTATT TGROGG TGAAAACRCAGACACCAT TTACG TTGCAAARARCRARAGCCCTCTGT

LI 6L GDTU FNVYVYVYASDAMMAMMKILGYTNTETYV VETLTLTSD

- TAATCGGUCTTGGAGATACGT TTAACGTCGTGGCAT CTGRACGCGATGGCTATGC TTCARGTARCGAATGAATACGT TGAGCTTTTGGACA

KEHVIVTKDAEAVIKNLDGEVHTRASYIAEL
AAGAAATGGTGATCGTGACARAAGAT GAAGCCGTGATTRAARACCTT GACOGT GAAGTCATGACACGTGCGTCTTATATCGCTGAGCTTG

DA S DIENKGTYPHYMNMILIKETUDETZGGT?PILVHM¥RIKTITINZQ
ACGCCAGTGATATCGARAARGGCACATACCCT CACTACAT GT TRARAGARACGGATGAGCAGCCGCTTGTTATGCGCARARTCATCCARR

T Y Q D ENGQRULAYAGDVATDAMYATEA AWADRTITYTIVUVYHRATC
CGTATCAGGACGAARACGGCAGAC TGGLCGTGGCOGGLGATETCGCTGACGCCGTGECGGARGLGGACCGCATTTATATCGTGECTTGCG -

6 T 5 Y A G LY G K QY I EMUWANYPVYV EVYVEVYVY AZSBETF
GARCGAGCTACCACGCCGGTCTTGT CGEGRARCAATATAT TGEAATGTGGGCARRCGTACCGGT TGARGTGCATGTAGCGAGTGAATTCT

EcoRI
8 Y NM PLL S KKUPULTFTIT FULSQS5GET HADUSEURATYVTLY
CTTACARCATGCCOGCTTC TGTCTARGAAGCCGCTCTTTAT CT TCCT T TCTCARAGCGGRGARRCAGCGGACAGCCGCGCCETGCTTGTTC

g VKALSGU MH KA ALTTITMHNVYU®POGSTULSREAWBADDTYTULLL
ARGTCAARGUGCTGGGT CACARAGCGC TGACGATTACARRCGTTCCGGGAT CAACGLT TTCCCGT GAAGCGGAT TARCACATTGCTTCTGC

HA G P EI RV ASTEKATYTH ARGQIAYLATITLARBAZMSYAHRBMLE

ACGCAGGCCCTGAGATCGCCGTGGCATCAACARARGCGTATACGGCTCAGAT TGCCGTCCTCLUGAT CCTTGOATCCGTTGCAGCAGARC
Acecl

R NN GV DIGT FDIULVYIEKTETULTGTIA AARMBNAMMEAM AZLTECDRQ QI KT?DE

GCAACGGCGTTGATATCGGTTTT GAT T TAGT CAAAGAATTAGGTAT CGCGGCARACGLCATGGARGCCCTCTGOGACCAGAAGGACGARR,

M E M1 ARETYLTVYSRMNATFTFTIOGRTGTLU DPYTFVCVEG
TGGAAATGATCGCACGTGAGTACCTGACTGT TTCAAGARACGCTT TCTTCATCGECOGCGGCCTTRGACTACTTCGTGTGTGTCGRAGGCG

A LKULIXKETZ1I Y I HAZEJGT FAGS GEULIEKHGTTIA AILTIEE
CCCTGAAGCTGARAGAGATT TCTTACATCCAGGCGRARGGC TTCECCEGLGGLGAGCTCAAGCAT GGAACAATCGCT CTGAT TGAAGRAG

6 T PV FALATA QEM HVYVYNTLZSIURSGNYKEVHARARTGANL-N
GRACRCCGGTCTTTGEGCTTGCGACACAAGARCACGTCAACCTGAGCAT CCGCGGTAATGTGANGGAAGTCGCAGCCCGCGECGCCARCE,

T ¢ I 1 8L K GULEDARDDTR RYEFTIILPEYVYNZPALTREPLYWVSE
CTTGCATCATCTCGCTGAAAGGC TTAGARGACGCAGACGACAGATTCATCCT GCCCGANGT CARCCCTGCGCTTCGTCCGCTGGTTICTS

¥y vPLQJLIATY VYA AALUHKRGECDV YODIE KT PRMNILAIKTSEVT
TTGTGCCATTGCAGCTGATCGCTTACTACGCTGCACT GCACCGCGGCTGTGRCGT TGATARMCCGCGCAACCT TGCGARGAGT GTTACGE

V E ==
TGGAATAATATATT TARCCCCTTTGGTTAT TAGTG TGART TTARARTAARGTCGCGATGTT TATAARAARGATGCGATGT TTARRA™ AAA

GTCGCGANGTT TATAAARRAGT TCCRARGCT TAGCCOTTTGGATATGATTATCTAAAGRGGTGTT T TTGT GTCGARAAGAARRAGAACA
Hind1il
TCTAAMATTGATAAGTGGAT TARAGAGGGTCGAGGAACTGGCASTGGAGCATGAT TATCAAGATCT TTCCTCAT TAGGT CGGTCARCAAG

ATTRAARGGTATARAAACCGGCAGACAACATGAGT TT TTAT CGGAT TTGGARCGARACTACTTTTATTTARCTGAATTTTCTGATGT

“TATTTTAGATATTCGTGAACAATTTCCT TTAT TACCACARGARGAGACGT TTGCCATTGCTG

Figure 3.11 Nucleotide sequence and deduced amino acid sequence of B. sublilis

TISTR2S gcad gene. Two possible Shine-Dalgarno sequence (****)
and a possible promoter (-35 and -10 regions) were indicated. The
putative p-independent transcriptional terminator was double
underlined. Termination codon (---) was indicated.
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Upstream B. subtilis TISTR25 gcaAd gene Downstream

(95 bases[ATG 1,803 bases TAA]l 410bases )
92% identity 85% identity 86% identity

C 2,308 bases )

86% identity with B, subrilis 168 gcad gene

Figure3.12 Percent identity of B, subsilis TISTR2S and B. subtills 168 gcad gene
by BLAST comparison.
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B.subtilis TISTR25

B.subtilis 168 ARACRAGCTGTCTGTTCTTATTTCTCARTAGGAAAGAAGACGGATTATTCCTTACCTATA
B.subtilis TISTR25 -— - -
B.subtilis 168 ATTATAGCGCCCGAACTAAGCGCCCGGARARAGGCTTAGTTGACGAGGATGGAGGTTATC
B.subtilis TISTR2S === e e e e e e e e e e R S s e
B.subtilis 168 © GAATTTCGCGGATCCTCCCGGCTGAGTGTGCRAGATCACAGCCGTAAGRATTTCTTCARAC
B.subtilis TISTR25 -— —— GATCTTCCARAARRACATGTGGGA
B.subtilis 168 CARGGGGGTGACTCCTTGARCARAGAGARATCACATGATCTTCCARARAA-CATGTAGGA
[ TTEETX2 322222l it il
B.subtilis TISTR2S GGGGACGATTGAARGTCCCCTTGTAATTTGACTTTCT TCGTCTCCTTTGCACCTTTAGG
B.subtilis 168 GGACACGATTGRAAGTCCCCTTGARATTTGACTTTCTTCGTCTCCTT TTACARTCTTAGG
YT TR IXT RS R R RS R 2 0 2] ] FY2TXZ2 AR E TR R XL 2 AR 2 2 R R 2 0 B L) Wl
B.subtilis TISTR2S AGGAAGAAAA-TATGTGTGGAATTGTAGGT TACATCGGTCAGCTTGATGCGRARGAGATT
B.subtilis 168 AGGAAGRARAATATGTGTGGAATCGTAGGTTATATCGGT CAGCTTGATGCGAAGGAARTT
* A dr Rk kR wEETTRRA RN AF Wk kR MERXATRNATAANT TR TR dhrR rr FEW
B.subtilis TISTR2S TTGTTAARAGGAT TAGAGAAGC T TGAGTACCGCGGTTATGACTCTGCCGGTATCGCTGTG
B.subtilis 168 TTATTAAAAGGGT TAGAGARGCTTGAGTATCGCGGTTATGACTC TGCTGGTATTGCTGTT
T RHRNRREEr AR T h AT RRRR TR RS [ TTETEESRZXIZZ A2 L0 N L L 0 L B2 gl )
B.subtilis TISTR25 GCGAATGAGCAGGGCGTGCATGTGTACARAGARAARGGCCGCATCGCCGACCTTCGTGAR
B.subtilis 168 GCCAACGARCAGGGARTCCATGTGTTCARAGARARAGGACGCATTGCAGATCTTCGTGAA
Wl WR AW AMEwEW o WMEkhwRR WRARRwR R Rk e AW AR ARk
B.subtilis TISTR2S GTGGTGGATCACACGGT TGAATCTCARGCGGGARTCGGCCATACACGCTGGGCGACTCAC
B.subtilis 168 GTTGIGGATGCCAATGTAGAAGCGAAAGCCGGAATTGGGCATACTCGCTGGGCGACACAC
. ik Whrddw o wE whw ﬂ' Ml dRwdh ww b s AR Rw R R d el
B.subtilis TISTR25 GGTGAACCAAGCTTCCTGARCGCTCACCCGCATCARRGCGCACTCGGCCGCTTTACACTT
B.subtilis 168 GGCGARCCARGCTATCTGAACGCTCACCCGCATCARAGEGCACTGGGCCGCTTTACACTT
[ B T T T XL X SR ) T I2s s s 2322323222 X222 2 2 X 2.1} (X1 TRl xR 2 3 22 22 2}
B.subtilis TISTR2S GTTCACAATGGTGTGATCGAGRACTATGTTCAGCTGAAGCGCGARTATCTTGRARACGTT
B.subtilis 168  GTTCACAACGGCGTGATCGAGARCTATGTTCAGCTGAAGCAAGAGTATTTGCARGATGTA
i PETIXIZI M T T I IR LS XTRIT A AR A A R4 dd ]2} ik hER W " W W
B.subtilis TISTR25 GARCTGAARAGCGACACGGRCACTGAAGTAGTCGT TCARATGATCGRGCAATTTGTGGCG
B.subtilis 168 | GAGCTCAAAAGTGACACCGATACAGARGTAGTCGTTCARGTARTCGRGCAATTCGTCART
Wdr Kk MW kdd EREER Wk wdr Wk R W L Z 3T 23 L 2 2 1 % B Y
B.subtilis TISTR2S GGAGGACTCRGCACAGAAGAAGCGTTCCGCARARCACTGACTCTGTTAARAGGCTCTTAC
B.subtilis 168 GGAGGACTTGAGACAGARGAAGCGTTCCGCAARACACTTACACTGT TAARAGGCTCTTAT
(22232 2 1] T YL 2T S2 X 22222 2T A L oir e e o o o B o ol o O o o o e ol
B.subtilis TISTR2S GCARTTGCATTATTTGACGGTGARRACACAGRCACCAT TTACGT TGCARRAAACARRAGC
B.subtilis 166 GCARTTGCTTTATTCGATARCGACARCAGAGARACGAT TTTTGTAGCGARARACARRAGE
TS T2 LB LT LA B Wl W ek drdkr W Yl Wwr rwddrdrdr bRk
s.sabtilis TISTR2S COTCTGTTAATCGGCCTTGGAGATACGTTTARCGTCGTGGCATCTGACGCGATGGCTATG
B.subtilis 168 COTCTATTAGTAGGTCT TGGAGATACAT TCAACGTCG TAGCATCTGATGCGATGGCGATG
v ok o e e o o ol i b i e ol YWl srdr e e e o
B.subtilis TISTR2S CTTCAAGTAACGARTGAATACGTTGAGCTTTTGGACARAGRAAT GGTGATCGTGACARAR
B.subtilis 168 CTTCAAGTARCCAACGAATACGTAGRGCTGATGGATARAGAAATGGTTATCGTCACTGAT
SIS TIEITR L T B 2 X L2 d } L2 3. 2.2 el Wh R AR AR Rk Whwowrw W w
B.subtilis TISTR25 GATGAAGCCGTGATTAAARACCTTGACGGTGAAGTCATGACACGTGCGTCTTATATCGCT
B.subtilis 168 GACCARGTTGTCATCARRRRCCTTGATGGTGACGTGATTACACGTGCGTCTTATATTGCT

" LE 2] Wk ke AW Rk ARk kol o Rk Wk kAR

Figure 3.13  Sequence alignment of B. subtilis TISTR25 and B. subtilis 168 gcaA
gene by using ClustalX (1.64b). Asterisk (*) indicate identity.
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GRGCTTGACGCCAGTGATATCGAARAAGGCACATACCCTCACTACATGTTAAARGARRLG
GAGCTTGATGCCAGTGATATCGAARAAGGCACGTACCCTCACTACATGT TGARAGARACG

kdror MR RENRE R R E AR R R Rww R Rk AW d e

GATGAGCAGCCGCTTGTTATGCGCARAATCATCCARRCGTATCAGGACGAARACGGCRGA
GATGAGCAGCCTGTTGTTATGCGCAAMMATCATCCARACGTATCAAGATGARRACGGCAAG

whwRwdr ko d o w e PRI R L R L AL R LI L L L L L L L)

CTGGCCGTGGCCGGEGATGTCGC TGACGCCGTGGCGGARGCGEGACCGCATTTATATCGTG
CTGTCTGTGCCTGGCGATATCGCTGCCGC TGTAGCGGARGCGGACCGCATCTATATCATT

dhd & hE b ARwkwd kW wd ke kv [TXTZ2 RS S22 2 2 0 0L N L LA L L

GCTTGCGGARCGAGC TACCACGCCGGTCTTGTCGGGAAACAATATAT TGARATGTGGGCA
GGCTGCGGARCARGCTACCATGCAGGACTTGTCGGTARACAATATATTGAAATGTGGGCA

* AR AR RERR wRNEakERr W v SRRkl Rk kR PR AR AT E R AR

ARCGTACCGGTTGAAGTGCATGTAGCGAGTGAATTCTCT TACARCATGCCGCTTCTGTCT
ARCGTGCCGGTTGARGTGCATGTAGCGAGTGARTTCTCCTACARCATGCCGCTTCTGTCT

ARTRE FEP AR AT AR TR TR AR R R AR P T RN SR AR r RN

RAGRAGCCGCTCTTTATCTTCCTTTCTCARAGCGGAGARACAGCGGACAGCCGCGLCGTG
AAGAAACCGCTCTTCATTTTCCTT TCTCARRGCGGAGARACAGCAGACAGCCGCGCGGTA

AR hh R R R EE TE RN TRE AT d AR erhhh bkl Ak o

CTTGTTCAAGTCAAAGCGCTGGGTCACARAGCGCTGRCGAT TACAARCGTTCCGGGATCA
CTCGTTCAAGTCARAGCGC TCGGACACRAARGCCCTGACARTCACAARCGTACCTGGATCA

ok PR RE R RARAAR PR AEE Wh RwwRwEdd dddwd R wwR RNy ok ARkl

ACGCTTTCCCGTGAAGCGGAT TACACATTGC TTCTGCACGLAGGCCCTGAGATCGCCGTS
ACGCTTTCTCGTGARGCTGACTATACATTGC TGC TTCATGCAGGCCC TGRGATCGCTGYT

Gl wrkhdd whkkEAAr AR wk whkh R d o dw rdrdr kW R Rk o

GCATCAACAAARGCGTATACGGCTCAGATTGCCGTCCTCGLGATCCTTGCGTCCGTTGCA
GCGTCARCGARAAGCATACACTGCRCARATCGCAGT TCTGGCGHT TCTTGCTTCTGTGGCT

hh Whhew wkh® wd ok o Ak kN dd el ke % kkkEk ok RE A

GCAGARCGCAACGGCGTTGATATCGGTTTTGATTTAGTCARAGART TAGGTATCGCGGCA
GCTGACAARRAATGGCATCAATATCGGATTTGACCTCGTCAMVGAACTCGGTATCGCTGCA

" Wi W @kwr ok AR AT RS ik w hEEwRThRh & dokrwdrardrdr Wl

ARCGCCATGGAAGCCCTCTGCGRCCAGAAGGACGARATGGAMATGATCGCACGTGAGTAC
AACGCAATGGARGCTCTATGCGACCAGAARGACGARATGRAMATGATCGCTCGTGRATAC

EhkRhR kR dkkkh hdk PRRSE AR AT N AT AARERARTEh AR E Wk AW

CTGACTGTTTCARGRAACGCTTTCTTCATCGGCCGCGGLCTTGACTACT TCGTGTGTGTC
CTGACTGTATCCAGRAATGCTTTCTTCATCGGACGCGGCCT TGACTACTTCGTATGTGTC

FR T A ARy RY GREdhR AhARRRTARkdRwe AR A AT kAR AR hhr Ak T AT

GRAGGCGCCCTGAAGCTGAARGAGATTTCTTACATCCAGGCGGANGGCTTCGCCGGCGGL
GAAGGCGCACTGAAGCTGARAGAGATTTCT TACATCCAGGCAGARGGTTTTGCCGGCGET

e ol o i ol o W o eyt T T T TIPS AR AR A AR R R ) S drddr Sy ko o o Tl

GAGCTGAAGCATGGARCAATCGCTCTGAT TGARGAAGGARCACCGGTCTTTGCGCTTIGCG
GAGCTAARGCACGGAACGATTGCCTTGATCGAACARGGARCACCAGTATTCGCACTGGCA

drikdww e Rk Wk Wk Whhk wdd Ak ERwdkddw Wwr edr ek AW ok

ACACAAGAACACGTCARCCTGAGCATCCGCGGTARTGTGAAGGARGTCGCAGCCCGLGGT
ACTCAAGAGCATGTAAACCTAAGCATCCGCGGARACGTCARAGARGT TGCTGCTCGCGGA

wk dhdrd R Rk ek Rl dwddRkwdw ok W g s W e o

GCCAACACTTGCATCRTCTCGCTGARRGGCTTAGAAGRCGCAGACGRCAGATTCATCCTG
GCAARCACATGCATCATCTCACTGRRAGGCCTAGACGATGCGEGATGACRGATTCGTATTG

M hEwhw wARE R Rk w R AR wARRd kR ok bk Wk ol R s L2

CCGGARGTCARCCCTGCGCTTCCTCCGCTGGTI TCTGTTGTGCCATTGCAGCTGATCGCT
CCGGARGTARRCCCAGCGCTTGCTCCGTTGGTATCTGTTGTTCCATTGCAGCTGATCGLT

wRd ke whR Ahdww kR W whirw R hRdd R AT AR AR R

TACTACGCTGCACTGCACCGCGGCTGTGACGTTGATARACCGCGCARCCTTGCGRAGAGT
TACTATGCTGCACTGCATCGCGGCTGTGATGTGGATARRCCTCGTAACCTTGCGARGAGT

drkdrdrdr Wk kAR RN R ddrk Atk dr Ry S ARl ol Wbl

Figure 3.13 (continued)
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GTTACGGTGGAATARTATAT~~TTRACCCCTTTGGTTA-==TTA==~-=-=GTGTGAATT
GTTACTGTGGAGTARTARATGTTTAACCCCTTTGGATARGATTATCTARAGGGGTGTTTT

FREAE AAAEE AERAET R ThAhERARRT R dr W LR W kW *

TAR----ARTAAAGTCGCGATGTTTATA~~~-AARAA~~GATGC~~GATGTTTARMATAR
TATGTCCAAAhGCGAAhGnhCGTC?ACAGTGGAhlAATGGATTAAAGRAGTTGAIGGTAC

i "k * hhk wh * LA a2 3 *hw L 3 & 2 -

AGmmmrm—meeTCG--CGANGTTTATAAAARAGT TGCGRAGCTTACCCCTTTGGATATG
AGGACCCGACTATCGATCGACCATGGCTATAGAT TTARGATG-TTTCCTCATTAGATCGG

¥ ki W e L * W RE W * AR kR kA EW L

ATTATC~~--TAARGGGGTGTT- -~ «~TTTGTGTCGAARAGAAARAGRACATCTARART TG
TCAATCAGGTTAAAAGGCRTThAAhCTTGGAGAGRAACTGCTTTTGCCTAACTG&GTTTT

o o ww o W LR g * W W *

ATARGTGGATTAAAGAGGGTCGAG-GAACTGGC -~ AGTGGGGCATGAT TATCAAGATCTT
CTAATGTTRAEACAGA?ATAAGAGQGCAGTTCCTCATThlG&TACGCTTTTGA?IGC&GT

"W * Wk AWW whkwr W W W " W W Wk kW

TCCTCATTAGGTCGGTCARCAAGAT TARARGGTATARAR~ACCGGCA-GACARCATGAGT
TGG&ATTTAGCATGCTAGhAATCCGAAllCCGGRGAGCCTRTTGG&RTGATAACGTGTTT

il i i W L * i w R B kA hwR W -

TTTT&TCGG-~ATTTGG&hCGAAHCTACTTTTATTTRRCTGNATTTTCTGATGTT&TTTT
TTTThETGhCAATTARTAAAGGGCAAAGAATTCTAGRAGTCGCACTTRCAATGTACTTGT

Wl LE L) LA L L B Lad LE 4 LL L] L& ]

AGATATTCGTGRACARTTTCCTT TATTACCACAAGARGAGACGT TTGCCATTGCTG-~—-
GGGATTAGGTTT?ARAGTTCATTCTTTTTTTATTGAGTACATTCCGGTTAAAGTTGAAAT

" Tk wwE Rk LR 4 LEd L

Figure 3.13 (continued)
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Table3.  Amino acid composition of B. subtilis TISTR25 gcad protein in
comparison with B. subtilis 168 gcad protein.

Amino acids B. subtilis TISTR2S5 gead B. subtilis 168 gcad protein
protein ‘

n n(k) MW MW (%) n n(s) MW MW (%)
A ala alanine 67 11.2 4759 1.3 66 11.0 4688 7.2
C cys cysteine 6 1.0 618 0.9 6 1.0 618 0.9
D asp aspartic acid 32 5.3 ieeo 5.6 as 5.8 4025 6.2
E glu glutamic acid | 51 8.5 6581 10.1 46 7.7 5935 9.1
F phe phenylalanine {16 2.7 2353 3.6 17 2.8 2500 3.8
G gly glycine 45 . 1.5 2565 3.9 45 7.5 2565 3.9
H his histidine 15 2.5 2055 3,1 14 2,3 1s18 2.9
I ile |, isoleucine kl: 6.3 4297 6.6 40 6.7 4523 6.9
K lys lysine 32 5.3 4099 6.3 34 5.7 4355 6.7
L leu leucine 162 103 7011 10.7 60 10.0 6785 10.4
M met methionine 13 2.2 1703 2.6 12 2.0 1572 2.4
N asn asperagine 22 3.7 2508 3.8 25 4.2 2851 4.4
P pro proline 16 2.7 1552 2.4 17 2,8 1649 2.5
Q ¢gln glutamine 19 3.2 2433 3.7 22 3.7 2817 4.3
R arg arginine 23 3.8 3590 SIS 20 3.3 3122 4.8
8 ser serine 28 4.7 2436 3.7 27 4.5 2349 3.6
T thr threcnine 32 5.3 3233 4.9 30 5.0 3031 4.6
V val valine 57 9.5 5646 8.6 59 9.8 5845 9.0
W trp tryptophan 2 0.3 a7z 0.6 2 0.3 372 0.6
Y tyr tyrosine 24 4.0 3913 6.0 23 3.8 3750 5.7
Total ' 600" 100 65431 100 600 100 65296 100
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Alignment of the predicted amino acid sequence of B. subtilis TISTR25 gead

open reading frame with those of 7 organisms. The amino acid sequences
were aligned by using the ClustalX (1.64b) program. The numbers at the
right-hand side are from initial methionine residue for each sequence. Gaps
introduced to maximize this aligament are shown by dashes, identical
residues are indicated by asterisks, and similar residues are indicated by dots.
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Figure 3.14 (continued)
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Table 3.2 Estimated genetic distances among nucleotide sequences of the gcad
gene from 8 organisms ] '
Tiuman | Mowe | S.cerevisioe | C.albicans | Bubttlis | Baubitiis | Rmeliloti | E. colf
TISTR2S 168
Human -
Mouse 0.0972 -
5. cervvisias’ 0.6511 | 0.6300 -
C. albicans 0.6506 | 0.6837 | 0.3666 -
B.subfilis TISTRZS | 11735 | 1.2018 | 1.1549 1.1987 -
B, sublilis 168 11185 | 11457 | 11091 1.0688 | 0.1705 -
R. maliloti 1.2731 | 12144 | 1.1958 1.3233 | 05000 | 0.9302 .
E. coli 1.0678 | 1.0592 | 1.076¢ L1147 | 1.0080 | 1.0579 | 0.8679 -
Table3.3  Estimated genetic distances among amino acid sequences of the gead
protein from 8 organisms
Tiuman | Mouse | S.cerevisiae | C.alblcans | B.subtilis | B.eubtilis | Rmeliloti | E. coli
TISTR2S | 168
Human -
Mouse 0.01002 -
5. cerevisiae 0.63101 | 0.63548 -
"C. albicans 0.63200 | 0.63106 | 0.33108 -
B. il TISTRZS | 138190 [ 1.38313 | 136734 | 1.37984 -
B, subrilis 168 138757 | 1.38449 | 136750 | 1.36973 | 0.06940 -
R meliloti 132260 | 131277 | 1.31340 | 1.34859 | 1.10600 | 1.07633 -
E. coll 1.12711 | 113071 | 1.15064 [ 1.13109 | 1.09629 | 1.08505 | 0.87441 .
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B. subtilis TISTR25 B. subtilis 168

C. albicans o204 0.41547

0.28110

S. cerevisiae 0.16216

0.05085 A0.04635 -
Mouse Human

Figure 3.15 A phylogenetic tree of the gcad gene from B. subtills TISTR25 and 7
organisms based on nucleotide sequence divergences
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Figure 3.16 A phylogenetic tree of the gcad protein from B. subtilis TISTR25 and

7 organisms based on amino acid sequence divergences



Figure 3.17

(®)
The predicted three-dimensional structure of the gca4 protein

(a) B. subtilis TISTR2S gcaA protein (237 amino acids)
(b) E. coli gcad protein in chain A (238 amino acids)
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34  Assayof Laglutamine D-fructose-6-phosphate amidotransferase activity

Sequenoes analysis clearly showed that pCSBC14 insert fragment was a gcaA
gene. This clone was then assayed to clarify whether it had gcad protcm activity or
not. To test whether or not the gcad gene was under the influence of lac promoter,
[PTG was also included in the culture. . coli DHSa harboring either pUCIS or
pCSBC14 were cultivated in the presence or absence of IPTG. The cell extracts were
prepared for the assay of L-glutamine D-fructose-6-phosphate amidotransferase
activity as described in section 2.11.

The result of enzyme assay were shown in Table 3.4. The specific activity of
geaA protein of pUCL8 was 96% less than that of pCSBC14. The specific activities
of gcad protein of pCSBC14 with and without IPTG were not significant different
(36.01 and 36.23 units/mg protein).
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Tabte 3.4 L-glutamine D-fructose-6-phosphate amidotransferase activity in cell

extracts.
E. coli DH5a Packed’ Crude Total Total Specific
harboring cells (g) | extract protein activity activity
(ml) (mg) (units) | (units/mg)
pUC18 1.15 44 23.60 34.25 1.45
pUCI8+IPTG 1.18 4.5 21.60 28.69 1.33
pCSBCl14 1.05 4.0 18.88 679.86 36.01
pCSBCI4+IPTG 0.94 3.5 1536 556.55 36.23
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3.5 _ Southern-blot hybridization analysis of B. subtilis TISTR2S5 chromosomal
DNA with neutral and alkaline protease probes "

Since pCSBC14 was a clone of gcad gene instead of the desired prot-easc
gene, atternpt to clone protease genc was made. The protease gene from B. subtilis
TISTR2S was then traced by Southern-blot hybridization using protease probes for
both neutral and alkaline proteases.

3.5.1 Isolation of B, subtilis TISTR25 chromosomal DNA

The chromosomal DNA of B. subtills TISTR2S was extracted by
protocol described in section 2.13.1. The amount of DNA obtained was estimated by
comparison of its intensity in & 0.7% agarose gel cletrophoresis with that of A/HindlIl
marker (Figure 3.18). The DNA was shown as a high molecular weight DNA (>23.1
kb).

. 352 Digestion of B. subtilis TISTR25 chromosomal DNA

1 pg of B. subtilis TISTR25 chromosomal DNA was digested
separately with 8 restriction endonucleases, BamHl, EcoRl1, Hindlll, Kpnl, Pstl, Sall,
Smal and Xbal, and run on 0.7% agarose gel along with A/HindIIl marker (Figure
3.19). The DNA fragments were transferred from agarose gel onto nylon membrane
before hybridization with protease probes.
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Figure 3.19 Digestion of B. subtilis TISTR25 chromosomal DNA with 8

endonuclease

Lane 1
Lane 2
Lane 3
Lane 4
Lane 5
Lane 6
Lane 7
Lane 8
Lane 9

A HindIIl

DNA digested with BamHI
DNA digested with EcoRI
DNA digested with Hindlll
DNA digested with Kpnl
DNA digested with Psrl
DNA digested with Sall
DNA digested with Smal
DNA digested with Xbal

57

restriction



58

3.5.3 Southern-blot hybridization analysis

Protease gene in the chromosomal DNA of B. subrilis TISTR25 was
traced by using neutral and alkaline protease probes. ’ ‘

3.5.3.1 Neutral protease probe

The 600 bp DNA fragment of neutral protease, obtained from
the digestion of pNC3 with EcoRI and Bgll, was used as a probe. This probe was
radioactively labelled by using nick translation. The results of hybridization showed
that each of the BamH], EcoRl, Hindlll, Pstl and Smal digested B. subrilis TISTR25
DNA gave one strong signal band (Figure 3.20), ranging in size from 2.5-12.0 kb
(Table 3.5). This result implied that the neutral protease gene existed in the B. subtilis
TISTR25 chromosomal DNA.

3.5.3.2 Alkaline protease probe

| The alkaline protease probe, an oligonucleotide of 20 bases (5°-
TGTCGCAAGCACCGCACTAC-3') was designed from the nucleotide sequence of
Bacillus alkaline protease gene and synthesized by automatic synthesizer. The
oligonucleotide of alkaline protease probe was 5'end labelled with [y-32P]dATP. The
result of hybridization showed that each of the digested DNA revealed more than one
signal band (Figure 3.21).
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Figure 3.20 Sauﬂmi-'rhluthyhidihﬁnnm ofd:,gpmtlﬂ. subtilis TISTR25
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Table3.5  An approximately size of digested B. subtilis TISTR2S fragment from
the hybridization with neutral protease probe

Restriction enzyme digested | Approximate size
B. subnilis TISTR2S (kb)
BamHI 7.8
EcoRI | 7.2
HindIll 2.5
Psit 6.9
Smal 12.0




Figure 3.21
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Southemn-blot hybridization analysis of digested B. subtilis TISTR25
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